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Abstract
We considered propagation of Ultra High Energy Cosmic Rays (UHECR)
through the galaxy. We extend our numerical code for calculation of the spec-
tra of leptons, nucleons and γ-rays in case of uniform and isotropic source
distribution for the case of spherically symmetric source distribution and mag-
netic field. We investigated models with sources of UHECR distributed in
same way as Cold Dark Matter (CDM) in self-consistent way, taking into
account both extra-galactic and Galactic contributions.
I. INTRODUCTION
The observation of Ultra High Energy Cosmic Ray (UHECR) events with energies above
1020eV [1,2] is one of most interesting puzzles of modern physics. The problem is that
if UHECR come from large distances there energy is dramatically decreases due to inter-
action with background elds. For example, nucleons of energies above ’ 4  1019 eV
start to interact with Cosmic Microwave Background (CMB) and lose their energy due to
pion production - the Greisen-Zatsepin-Kuzmin (GZK) eect [3] - for distances larger the
RGZK ’ 50 Mpc. Heavy nuclei travel even much less distances of few Mpc [4] because they
photodisintegrated by CMB. UHE electrons lose their energy due to synchrotron radiation
in extragalactic magnetic eld. From other side it is hard to accelerate protons, electrons
and heavy nuclei up to such energies even in the most powerful astrophysical objects [5] such
as radio galaxies and active galactic nuclei, but even if it is possible, usually such objects
are situated far away from our galaxy on distances larger then RGZK .
To avoid these diculties one can suppose that UHECR are created directly at energies
comparable to or exceeding the observed ones rather than being accelerated from lower
energies. In the so called \top-down" scenarios γ-rays, leptons and nucleons are initially
produced at ultra-high energies by the decay of supermassive elementary \X" particles. The
sources of the massive particles could be topological defects (TD) such as cosmic strings
or magnetic monopoles that could be produced in the early Universe during symmetry-
breaking phase transitions envisaged in Grand Unied Theories. In an inflationary early
Universe, the relevant TD could be formed at a phase transition at the end of inflation.
Other possibility is to produce super-heavy long-living particles thermally during reheating
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epoch of the Universe [10] or from vacuum fluctuations during inflation [11]. For review of
TD models see, for example [6].
The main goal of this work is self-consistent consideration of the Galactic and extragalac-
tic contributions in spectra of UHECR from TD models. There are two major possibilities
rather sources of UHECR present in our Galaxy or not. In rst case simple estimates show
that contribution of Galaxy component in 100 times larger [12] then extragalactic compo-
nent and one could consider only Galactic contribution. Our numerical calculations (see
below) conrm this point of view. The main signature to distinguish this kind of models
is signicant anisotropy in all UHE particles spectra [12] which arrives due to non-central
position of our Sun in the Galaxy at the distance 8:5 kpc from the Galaxy center. In below
we present our results for dierent models of source distribution in our Galaxy.
In case there is no any sources of UHECR in our Galaxy, anisotropy in all particles
spectra is zero, except photons and electrons, for which small anisotropy in direction of
Galactic center and opposite direction still exist due to synchrotron radiation.
II. PROPAGATION THROUGH THE GALAXY
The numerical code has been developed recently for calculation the spectra of UHECRs
in the case of isotropic and homogeneous source and magnetic eld distribution [7{9]. The
above code provide us rather reliable information about possible extragalactic sources of
UHECRs. Unfortunately, as was pointed earlier, the method developed in above works
can’t be used directly if we are interested in the input of the sources within our Galaxy,
moreover presence of the Galactic magnetic eld can’t be neglected even for extragalactic
component of UHECRs in the case of light charged particles (electrons, positrons). Electrons








where B  10−6G is the Galactic magnetic eld, and E is the UHE electron energy. Then















Deflection is another important factor when dealing with the propagation problem in
non-anisotropic case. The straight line propagation (SLP) approximation which treats the
motion of CR particles in one dimension fails if the eect of the deflection becomes large.

















where B? is the eld component perpendicular to the particle’s motion.
However, if we are interesting only in the spectra of particles with energies more then
5  1018 eV, that is these particles, which do not deflect in the galactic magnetic eld
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B ’ 10−6G on the distances 5kPc (dimension of the magnetic eld), we can use straight
line propagation approximation. This means that we can use the same kinematic equations,
as in [7,8], but written for the dierential fluxes instead of concentrations.
d
dt








where a(Ea; t) - is dierential flux of particles a,
Integration in 4 is performed on the chosen straight trajectory within the Galaxy. The
initial values of ja(E) may be gotten from the previous task (extragalactic component). The
other dierence is in time dependence of external source and magnetic eld terms. Their
values are determined by current position within the trajectory. Further for simplicity we
will assume spherical symmetry,that is source concentration and magnetic eld strength are
only functions of distance from the center of the Galaxy r.
B(t) = B0(r(t)); F (t) = F 0(r(t)): (5)
Let us consider some point at distance a from the center and draw arbitrary trajectory cross-
ing this point, designate  the angle between the direction to the center and the trajectory




a2sin2 + t2; (6)
For the flux coming from "center" limits of integration are given by
tmin = −
p
R2 − a2sin2; tmax =
p
a2 − a2sin2; (7)
for the flux from the opposite side
tmin =
p
a2 − a2sin2; tmax =
p
R2 − a2sin2: (8)
Here R is eective Galaxy radius, the distance at which source concentration and magnetic
eld strength become equal to extragalactic values.
III. SOURCE DISTRIBUTIONS
As we already pointed out in introduction, the absence or presence of sources of UHECR
in our Galaxy lead to completely dierent UHE particle spectra on the Earth. In rst case
only electron and photon spectra is slightly anisotropic, while in last case anisotropy present
for all particle spectra.
We considered same three models of sources distribution as in [12]. First of them is
rather non-realistic with constant density distribution of sources:
n(r) = const r < R
n(r) = 0 r > R (9)
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where R is radius of Galactic Halo.










In our calculations we used rc = 2kpc and R = 100kpc.
IV. RESULTS
Results of numerical calculations of propagation of UHECR through our Galaxy for
model of long-living X-particle [10] are presented on Figs.1-5. As example, we used the
following parameters of the model: we took mass of heavy particle mX = 10
23eV . The main
decay channel is X ! qq, and its lifetime is tX = 109tU , where tU is Universe age.
Because we are interesting in UHE particles spectra, we considered only energies above
Emin = 10
18eV . Also we took extragalactic magnetic eld equal to Bout = 10
−11G. We used
simplest fragmentation function from [16,17].
On the Fig.1 we plot spectra of UHE protons, electrons, nucleons and neutrinos coming
from the Galaxy center in case if there are no any sources of UHE particles in Galaxy.
Spectra in opposite direction are similar, except for photons and electrons they are a little
bit dierent due to influence of galactic magnetic eld, which leave to synchrotron radiation.
This dierence in terms of asymmetry in direction to and from Galaxy center presented on
the Fig.2.
The following 3 gures contain result for asymmetry in particle spectra for dierent
distribution of UHE sources in Galaxy. On the Fig.3 we presented case of Eq.(9), on the
Fig.4 and Fig.5 we plotted asymmetry for models of sources distribution Eq.(10) and Eq.(11)
correspondingly.
We conclude that anisotropy in UHE particles spectra is important test for TD models,
in which sources are located in galaxies. The dominant contribution in this case give flux
coming from our own Galaxy.
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FIG. 1. Spectra in the long-living X-particle model with  = 109t0 (t0 is the age of Universe)
under constant EGMF of strength B = 10−11G, assuming decay mode X ! qq. This spectra is
from direction of Galaxy center. The spectra of all particles from opposite direction is similar.













































FIG. 2. Anisotropy in spectra of electrons and photons due to synchrotron radiation on Galactic










































FIG. 3. Anisotropy in spectra of UHECR in directions to and from Galaxy center for the















































FIG. 4. Anisotropy in spectra of UHECR in directions to and from Galaxy center for the














































FIG. 5. Anisotropy in spectra of UHECR in directions to and from Galaxy center for the 11
source distribution in Galaxy.
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